Background/Aims: Ovarian endometriosis (OvE) is ovarian cyst that is lined with endometrial tissue. They are found in 17-44% of women with endometriosis. Their clinical manifestations include pelvic pain, dysmenorrhea, dyspareunia, and infertility. Although the incidence of OvE has increased yearly, the exact pathogenesis of OvE is still unclear. We used peptidomics, an emerging branch of proteomics, to identify differentially expressed peptides in order to determine the possible roles of these peptides in the pathogenesis of OvE. Methods: The ectopic and eutopic endometria of OvE were used to extract peptides with 10-kDa molecular weight cutoff filters, and the peptide precursor proteins were then identified with PEAKS software, followed by quantification with the TMT labeling method and subsequent analysis by liquid chromatography-tandem mass spectrometry. Gene ontology (GO) analysis, pathway analysis, SMART, and SABLE were used to study the possible functions of these peptide according to their precursor proteins' function. The effects of peptides derived from VCAM-1 (PDFV) on endometrial stromal cell (ESC) migration and invasion were examined with wound healing assays and Transwell assays and the expression of E-cadherin was detected by western blotting. Results: A total of 491 peptides were identified with abundant differences between the two groups of samples (p < 0.05, and absolute fold change ≥ 2). SMART and SABLE database showed that 42 of the 491 peptides were located in the conserved structural domains of their protein precursors and contained secondary structure and, among them, 2 peptides' precursor proteins were associated with the cell proliferation. Additionally, 5 peptides' precursor proteins were associated with endometriosis. Our study confirmed that PDFV promoted ESC migration and invasion and reduced E-cadherin expression (p < 0.05). Conclusion: PDFV and its precursor protein VCAM-1 may be involved in the process of OvE formation by reducing the expression of E-cadherin. The peptidomics analysis provides new insight for future studies of the mechanisms of OvE development.
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Introduction
Endometriosis, one of the most common gynecological diseases in women of reproductive age, is defined as the presence of functional endometrial glands and stroma outside the uterine cavity. Endometriosis is characterized by various typical clinical symptoms, such as pelvic pain, dysmenorrhea, dyspareunia, and infertility. The incidence of endometriosis in women of reproductive age is approximately 10% [1] . However, the exact pathogenesis of endometriosis is still unclear. The "blood reflux planting theory" of Sampson [2] is the leading theory, but it remains unclear why only some women develop endometriosis, given that retrograde menstruation occurs in most women [3] . Endometriosis has three main different histological subtypes: peritoneal, ovarian, and deep endometriosis [4, 5] . Ovarian endometriosis (OvE) (also known as "chocolate cysts") are ovarian cysts that are lined with endometrial tissue and contain fluid that arises from accumulation of menstrual debris. They are found in 17-44% of women with endometriosis [6] . Currently, drugs, surgery, and a combination of the two methods are mainly used to treat OvE. Among the surgical methods, laparoscopic resection of the lesion is the preferred method, but the recurrence rate remains high, with a reported 5-year recurrence rate as high as 50% [7] . In addition, the rate of spontaneous ovulation is lower in operated ovaries and serum levels of anti-Mullerian hormone decrease after surgery. Therefore, identification of a treatment biomarker of OvE from a new perspective is clearly necessary.
Peptidomics is an emerging branch of proteomics through which a large number of both intracellular and secreted mammalian peptides have been identified. Thus, peptidomics has attracted widespread attention in recent years [8, 9] . Peptides are important bioactive molecules that play important roles in many physiological processes, including endometriosis [10, 11] . Despite the essential role of peptides in biological processes, the research is lacking due to technological limitations. With recent advances in natural peptide purification and mass spectrometry technology, the peptidome is becoming more central to the identification of biological markers [12, 13] and therapeutic targets [14, 15] . To date, several studies have applied proteomic analyses to assess protein markers in human endometrial tissue, blood, urine, and peritoneal fluid, and some differentially expressed peptides have been found to have clinical application value for providing information on the pathophysiology of endometriosis [16] [17] [18] [19] . However, peptidomic analysis of OvE has not yet been reported. Therefore, we chose ectopic endometria and the eutopic endometria to study differentially expressed peptides. In addition, most of the previous studies aimed to identify differentially expressed mRNA and protein between the ectopic endometria and the eutopic endometria of healthy women [11] . Thus, we are the first to compare the notable pathological details of the ectopic endometria and eutopic endometria of OvE patients.
Materials and Methods

Patients and samples
Three women with OvE were enrolled in the study and their clinical information is shown in Table  1 . The tissue samples of the ectopic endometrium and eutopic endometrium of each OvE woman were collected at the time of laparoscopy and curettage and all samples were confirmed by pathology. All patients signed a written informed consent form, and the study protocol was approved by the Ethics Committee of Nanjing Maternal and Child Health Care Hospital.
Peptide extraction and purification
All tissue samples were washed in isotonic phosphate-buffered saline (PBS), and a protease inhibitor mixture (Complete Mini EDTA-free, Roche, Basel, Switzerland) was added. The samples were snap-frozen in liquid nitrogen within 5 min of collection and stored until use. Endometrial samples were cut into pieces, followed by ultrasonication of the homogenate for 20 min. Samples were centrifuged at 12, 000 g at 4°C for 15 min to obtain supernatants. Centrifugal concentrators (Amicon Ultra-15, Millipore) with a molecular 
Peptide desalting and TMT labeling
The extracted peptides (100 μg) from each sample were reduced with 10 mM DTT at 60°C for 1 h, followed by alkylation with 55 mM IAA at room temperature for 45 min. Next, the peptides were desalted and dried, and 20 μg of the samples were labeled with 5 μL of the TMT reagent according to the manufacturer's instructions (TMT 6-plex Label Reagent; Thermo Fisher Scientific, Waltham, MA, USA). The eutopic endometrial samples were labeled with reagents 126, 127, and 128, and the ectopic endometrium samples were labeled with reagents 129, 130, and 131. The labeled peptides were frozen at -80°C for further liquid chromatography (LC)-tandem mass spectrometry (MS/MS) analysis.
LC-MS/MS analysis
Mass spectrometry analysis was performed as previously reported [20, 21] . The labeled samples were assessed via nanoflow LC (Easy-nLC; Thermo Fisher Scientific) coupled online with an LTQ-Orbitrap Velos mass spectrometer (Thermo Fisher Scientific). Reverse-phase separation of the peptides was performed using buffer A (2% ACN, 0.5% acetic acid) and buffer B (80% ACN, 0.5% acetic acid) with the multistep linear gradient of solvent B: 4-9% for 3 min, 9-33% for 170 min, 33%-50% for 10 min, 50-100% for 1 min, 100% for 8 min, and 100-4% for 1 min. Eluting peptides were identified with the mass spectrometer at 1.8 kV voltage, which produced high-resolution broadband mass spectra. The most abundant peptide molecular ions were identified constantly with a MS/MS scan.
Peptide identification and quantification
All MS/MS spectra of the extractions were searched in a database containing 20, 194 protein sequences of the human subset (released in January 2016) with an in-house PEAKS software (version 7.0; Bioinformatics Solutions, Waterloo, Canada). The error tolerance for the precursor ion mass was 20.0 ppm, and the error tolerance for fragment ion masses was 0.1 Da. A fusion target-decoy method was used to evaluate the false discovery rate (FDR), which was controlled at ≤ 1.0% (−10 log P ≥ 20.0) for both proteins and peptides. If the peptide peaks were present in at least two spectra per sample, the peptides were considered positively identified.
Relative quantifications of the derived peptides from the 6 samples were performed by TMT labeling in the PEAKS Q module. Feature detection was carried out by the expectation-maximization algorithm on each sample. Peptides were considered significantly altered between the two kinds of endometrial samples when the statistical p value was < 0.05 and when the fold change was ≥ 2.
Bioinformatics analysis
For further research, UniProt Database release 2015_5 (http://www.uniprot.org/) was used to perform a gene ontology (GO) analysis to investigate the potential functions of the peptide protein precursors within the following three categories: cellular component, biological process, and molecular function. A pathway analysis revealed the networks in which these peptide precursors were involved. The IP/MW online tool (http://web.expasy.org/compute.pi/) was applied to calculate the isoelectric point (IP) of each peptide. The SMART (http://smart.embl-heidelberg.de/smart/batch.pl) and SABLE (http://sable.cchmc.org) online tools were used to determine if the significantly different peptide sequences were located in the conserved structural domains of their protein precursors and if their peptide segments contained secondary structure. The Open Targets Platform database (http://targetvalidation.org/) was used to investigate protein precursors associated with disease. 
Cell culture and treatments
Highly differentiated ESCs were obtained from Cellbio (Shanghai, China). ESCs were cultured in highGlu Dulbecco's modified Eagle's medium (DMEM) (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS), 100 U/mL streptomycin, and 100 U/mL penicillin. Cultured cells were maintained at 37°C with 5% CO 2 in a humidified environment. The PDFV peptide (AGRSRKEVELIIQVT) and the control peptide (VTQEVSKIRLAIREG) were purchased from Beijing Zexiyuan Biotech Co., Ltd., China.
Wound healing assays
Wound healing assays were conducted to evaluate the migration of ESCs in vitro. ESCs were seeded in 6-well plates at a concentration of 1 × 10 6 cells/well and cultured until they reached 80-90% confluency. Then, the cell monolayers were scratched with sterile 1000-mL pipette tips, and non-adherent cells and debris were removed by washing with PBS. Cells were treated with DMEM containing 10 μM peptide (PDFV or the control peptide) and incubated in serum-free media at 37°C for 48 h to allow cells to migrate into the scratched area. Later, images were captured from three random replicates for each group after 24 h and 48 h. The images from the final time points were compared with those of the 0 h time point to calculate the level of closure for each scratch on the basis of the distance between the two sides of the wound. Quantification of the scratched area was performed with the PS software.
Transwell assay
We performed cell invasion assays using the CytoSelect™ Cell Invasion Assay Kit (Cell Biolabs) according to the manufacturer's instructions. Eight-hundred microliters of medium containing 10% FBS was added to the lower chamber of the invasion plate. Two hundred microliters of the cell suspension solution at a concentration of 5.0 × 10 5 cells/mL with PDFV (10 μM) and the control peptide (10 μM) were added to the upper chamber of the plate. The cells were incubated for 48 h at 37°C with 5% CO 2 . During this time, the invasive cells traversed the basement membrane layer of the chamber and attached to the bottom of the insert, whereas the non-invasive cells remained in the upper chamber. The non-invasive cells were removed carefully. The invasive cells were transferred to a clean well containing 800 μL of 4% paraformaldehyde and incubated for 30 min at room temperature following by staining with crystal violet for 10 min. A microscope was used to image the invasive cells.
Western blotting
ESCs were treated with PDFV and the control peptide (10 μM) for 48 h. Then, cell extracts (40 μg) were obtained and resolved by 10% reducing SDS-polyacrylamide gel electrophoresis and transferred to nitrocellulose membranes. The membranes were blocked for 2 h at room temperature with a 3% bovine serum albumin (BSA) solution in 20 mM Tris-HCl, pH 7.4, containing 150 mM NaCl and 0.02% Tween 20 (TBST), and the membranes were incubated overnight at 4°C in a 1:500 dilution of E-cadherin antibody (Cell Signaling Technology, Danvers, MA, USA) and a 1:1000 dilution of β-actin (Cell Signaling Technology) in TBST containing 0.2% BSA. The membranes were washed five times with TBST and then incubated with alkaline phosphatase-conjugated secondary antibody (1:10, 000 dilution; Cell Signaling Technology). The bands were visualized using a 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium substrate solution.
Statistical analysis
Data are presented as the mean ± standard deviation and were analyzed with one-way analysis of variance followed by the Tukey-Kramer multiple comparison test. All experiments were performed in triplicate. Differences of p < 0.05 were considered significant.
Results
Identification of differentially expressed peptides in the endometria
A total of 491 peptides were identified with significant differences between the ectopic and eutopic endometrial samples (p < 0.05, absolute fold change ≥ 2). The 491 peptides contained 80 upregulated peptides and 374 downregulated peptides, with 20 peptides detected only in the ectopic endometrial samples and 17 peptides detected only in the eutopic endometrium samples. The cluster analysis (heatmap) and volcano plot of the 491 peptides Fig. 1A and B, and a list of the 20 abundant peptides that were differentially expressed (p value) in the two kinds of endometria is shown in Table 2 .
Details of the 491 differentially expressed peptides
The molecular weights (MWs) and IPs of the 491 differentially expressed peptides (p<0.05 and > a 2-fold change) are shown in Fig. 2A and B. In addition, a scatter plot of the MW versus IP is shown in Fig. 2C . It was observed that the MWs of the 491 peptides were mainly distributed from 500 to 700 (25%), and the largest proportion of peptide IPs ranged from 5 to 6, accounting for 31% of all peptides. We next searched for cleavage sites in all differentially expressed peptides to investigate possible functional changes in the endometrial tissues of OvE. The left side (C-terminus) and the right side (N-terminus) of each peptide was denoted P1 and P1', respectively. Alanine (A) was the most common P1 amino acid, being present in 18% of the peptides (Fig. 2D) . Leucine (L) was the most common P1' amino acid, being present in 14% of the peptides (Fig. 2D) .
Functional prediction by bioinformatics
To determine whether these differentially expressed peptides were associated with OvE, we performed GO and pathway analyses to determine potential roles for these peptides based on thier precursor proteins. Most of the peptide precursors were categorized as follows: membrane, Z disc, cytoplasm, and extracellular matrix (Fig. 3A) . The top five most relevant biological (Fig. 3B) . The molecular functions of the peptide precursors mainly included chromatin binding, actin binding, ATP binding, protein binding, and extracellular matrix structural constituent (Fig. 3C ). In addition, the pathway analysis showed that the top five networks of these peptide precursors were (i) focal adhesions, (ii) the MAPK signaling pathway, (iii) dilated cardiomyopathy, (iv) insulin secretion, and (v) platelet activation (Fig. 3D) .
Associated peptides and precursor proteins
A total of 491 peptides originated from 392 precursor proteins. SMART and SABLE showed that 42 peptide sequences were located in the conserved structural domains of their protein precursors. Meanwhile, their peptide segments contained secondary structure, which indicated that the 42 peptides were derived from the functional domains of their corresponding precursor proteins. The UniProt database showed that 2 of the 392 precursor proteins, namely, thymosin beta-4 (TMSB4X) and elastin (ELN), were associated with the cell proliferation process. Thymosin beta-4 was also associated with regulation of cell migration and negative regulation of the extrinsic apoptotic signaling pathway. Nitric oxide synthase (NOS3) was associated with angiogenesis. Additionally, five peptides were identified to be as- (Table 3) .
Because cell migration plays an important role in endometriosis, we examined whether PDFV affected the migration of ESCs with wound healing assays. In vitro, the migration of ESCs was evaluated in wounded spaces on culture plates. When ESCs were treated with PDFV for 24 h and 48 h under serum-free conditions, cell migration increased relative to cells treated with the control peptide under serum-free conditions (Fig. 4B) . This result was also confirmed in Transwell assays, suggesting that PDFV (10 μM) could increase the invasiveness of ESCs (Fig. 4C) . Because E-cadherin protein is important for migration and plays a pivotal role in endometriosis [22] , we next analyzed E-cadherin expression using western blot. As shown in Fig. 4D , PDFV treatment reduced the expression of E-cadherin. 
Discussion
Endometriosis is one of the most common gynecological diseases, with an incidence of approximately 10%in women of reproductive age. In recent years, accumulating evidence has suggested that significant biological differences exist between the eutopic endometria of healthy women and the ectopic endometria of women with endometriosis [3, 23] , but few studies have identified significant biochemical differences between the ectopic endometriotic lesions and the putative eutopic precursors [24] . Thus, in our study, we analyzed the differentially expressed peptides between the eutopic and ectopic endometria of OvE patients, a common subtype of endometriosis. To our knowledge, our study is the first qualitative and quantitative comparison of the differentially expressed peptides of the ectopic and eutopic endometria of OvE patients using peptidomics, which will pave the way for future study of the pathogenesis of OvE.
In this study, we collected ectopic endometrial samples and ectopic endometrial samples from OvE patients for peptide extractions with 10-kDa MWCO filters, which could ensure the purity of the extracted peptides. Finally, we detected 3668 peptides in the six samples, indicating that centrifugal ultrafiltration with the 10-kDa MWCO filters is an effective method for extracting low-molecular-mass peptides for future functional studies of the identified peptides. A total of 491 peptides were significantly different between the two groups (p<0.05 and a >2-fold change). The MWs of the 491 peptides were mainly distributed from 500 to 700, and the MWs of 99% of the peptides were less than 3000, which again highlights the effectiveness of the MWCO filter. The largest proportion of peptide IPs ranged from 5 to 6, accounting for 31% of all peptides. Some studies have shown that an acidic amino acid plays a more important role in cell migration and angiopoiesis than a non-acidic amino acid. Alanine (A) is the most common P1 amino acid, accounting for 18% of the peptides, and leucine (L) is the most common P1' amino acid, accounting for 14% of the peptides. Notably, lysine is found in the aβ-sheet, which plays an important role in the processes of protein folding, protein stability, and molecular recognition. Additionally, L and A are both hydrophobic amino acids, which are not easily dissolved and are involved in interactions such as those between an enzyme and substrate or between an antibody and antigen. The literature also suggests that hydrophobic residues significantly contribute to receptor activation, G-protein coupling, and the oligomerization process and that hydrophobic residues might modulate protein partner activity or stability at the inner membrane [25] . Therefore, it suggests that these identified peptides may be essential for regulating OvE progression.
We then performed bioinformatics analyses of the peptidome profiling to obtain the functions and mechanisms of these significantly differentially expressed peptides in regulating the early progress of endometriosis formation. Firstly, the GO analysis revealed that the molecular functions of the peptides precursors are mainly concentrated in the following categories: actin binding, ATP binding, and extracellular matrix structural constituent. Some studies have indicated that structural actin cytoskeleton characteristics play crucial roles in permissive regulation of the cell matrix adhesive interactions and cell migration behavior [26] and that ATP regresses endometriotic tissues in a rat endometriosis model [27] . Given that migration is a necessary process during endometriosis and that migration requires energy consumption, these peptides may play important roles in the migration processes of endometriosis. Secondly, by analyzing the cellular component category, we found that the protein precursors are located throughout the subcellular regions, which indicates that these peptides exist in various cellular components. Moreover, the main cellular component of the identified peptides was associated with the membrane structure, which is consistent with the results of Wu et al [28] .. This is understandable because many pathways function via the membrane. Thirdly, homophilic cell adhesion via plasma membrane adhesion molecules is the most important biological function, which is significantly associated with the formation of endometriosis because adhesion is a known feature of endometriosis [29] . Lastly, the canonical pathways were generated using the IPA software, and the "MAPK signaling pathway" was identified as a highly prevalent term because the MAPK signaling pathway [30, 31] . Subsequently, we analyzed the 491 peptides with the SMART and SABLE tools, with the results showing that 42 peptide sequences were located in the conserved structural domains of their protein precursors and that their peptide segments contained secondary structure. The GO analysis of the precursor proteins, from which the 42 peptides were derived, showed that thymosin beta-4 (TMSB4X) and elastin (ELN) were associated with the cell proliferation process. Thymosin beta-4 was also associated with cell migration and negative regulation of the extrinsic apoptotic signaling pathway. NOS3 was associated with angiogenesis. Additionally, another 5 precursor proteins of the peptides were reported to be associated with endometriosis.
Through a further literature search, we found that increasing evidence highlights the potentially crucial roles of VCAM-1 in the pathological process underlying endometriosis [32] . NOS3 may modulate angiogenesis and influence individual susceptibility to endometriosis, and it is widely accepted that angiogenesis plays an essential role in the growth and survival of endometriotic lesions. Moreover, NOS3 has also been reported to be associated with advanced stage endometriosis in a Korean population [33, 34] . Previous studies have shown altered levels of the CALD1 gene (encoding the protein caldesmon) in endometriosis and that precursor protein of caldesmon is a possible predictor of endometrial dysregulation in patients with endometriosis [35, 36] . The IGSF21 gene is also implicated in the pathophysiology of endometriosis [37] . Another study showed upregulation of the thymosin beta-4 protein in experimentally induced uterine adenomyosis in mice, which was responsible for the disintegration of the musculature during the development of adenomyosis [38] . Altered elastin protein distributions in disease states may help to explain symptoms such as dysmenorrhea in uterine endometriosis [39] . In summary, these 5 peptides have caught our attention due to their possible roles in the formation of OvE.
Here, we found that VCAM-1, the precursor protein of PDFV, is essential for the survival of endometriotic implants and the development of endometriosis because blood is crucial for distributing nutrients and growth factors and for promoting recruitment of inflammatory cells to endometriotic lesions [40] . Moreover, PDFV has been verified in our study to enhance human ESC migration and invasion in vitro, which is crucial for the development of endometriotic lesions. In addition, PDFV also reduced the protein expression level of E-cadherin, thus promoting ESC migration. E-cadherin has been confirmed to be involved in the processes of cancer [41] and endometriosis [22] . However, our finding is contrary to the research by Reichert Faria et al, who found impaired adhesion that was supported by diminished immunohistochemical expression of VCAM-1, which indicated that VCAM-1 promoted adhesion. From our view, this result is understandable because peptides can perform functions that are completely different from those of their precursor proteins [42, 43] . E-cadherin is an important factor of the cell-cell adherence junction and regulates tumor cell progression, migration, and metastasis via maintenance of cell-cell interactions. Some studies have also indicated that endometriotic epithelial cells show decreased E-cadherin expression, which is a representative mesenchymal marker. Publicly available microarray data sets (GSE5108 and GSE7305 submitted on Gene Expression Omnibus) show that E-cadherin mRNA expression is significantly reduced in endometriotic tissue compared with normal endometrium [44] . These data indicate that the effect of PDFV on ESCs may decrease the expression of E-cadherin, thereby causing the formation of OvE.
Moreover, VCAM-1 belongs to a family of cell adhesion molecules that are involved in cell-cell interactions and mediate various immune and inflammatory processes [45] . VCAM-1 and its counter receptors are expressed by both epithelial cells, such as eutopic and ectopic endometrial cells, and by cells of the immune system. Thus, VCAM-1 and its counter receptors may play roles in both the interaction between the endometrial cell and the peritoneal surface and the inflammation and immunological reaction that accompanies the disease process [46] .
There are some limitations to our study. Firstly, we used the p value to screen differentially expressed peptides between the ectopic and eutopic endometria samples. Although FDR is more accurate than the p value for detecting differentially expressed peptides, we would get very few peptides though FDR. Because we found that some studies also applied the p value to peptidomic analysis [28, 47] , we used p values in our study as well. There were many false positives in our study with this method and only the PDFV has been validated by cell experiments; the other peptides were reported purely on the basis of the p value and without any further validation. Secondly, although we used 3 OvE tissue samples, one subtype of endometriosis, to analyze the differentially expressed peptides and some of the heterogeneity of endometriosis population was ruled out, it is still a small sample size and these sample sizes are at best minimal. Thus, further studies of OvE and peptides are needed to evaluate the peptides and OvE patients.
In summary, this study screened differentially expressed peptides preliminarily based on the peptidomics approach using eutopic endometrial samples and ectopic endometrial samples from women with OvE and has provided new insights into the search for sensitive and non-invasive tumor markers and therapeutic targets for OvE. In a future study, we will aim to validate the potential value of the above 5 peptides as early diagnostic markers or therapeutic targets of OvE by collecting a considerable number of clinical specimens. Nonetheless, additional studies are needed to further demonstrate the role of PDFV in OvE and the relationship between PDFV and E-cadherin.
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